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| INTRODUCTION 


The recent progress in integrated circuit technology has been 
improving the main drawback of MOS devices (i.e. slow speed), and the 
MOS logic circuit has become one of the important logic families for 
electronic digital computers. MOS logic circuits have a lot of 
advantages over bipolar devices such as high packing density, lower 
power consumption and simple production processes. In addition to 
these features, the MOS circuit has an interesting feature in that each 
MOS gate can represent a considerably complex negative function. 

Figure 1.1 shows conventional NOR and NAND gates and a complex gate 


which are implemented as MOS gates. 


(AV B) CVDE 


NOR NAND COMPLEX 


FIGURE 1.1 MOS GATES 


By using complex gates, it is usually possible to synthesize 
circuits with fewer MOS gates than with conventional NOR, NAND gates (1) 
In Figure 1.2, a binary full adder which is implemented with conven- 
tional negative logic gates is shown. This adder is proved to have 
the minimum number of gates by integer programming [2]. In tiem 
1.3, a binary adder which is implemented with complex MOS gates is 


show. A comparison of these adders is shown in Table 1.1. 


FIGURE 1.2 BINARY FULL ADDER 
(NOR-NAND IMPLEMENTATION ) 


FIGURE 1.3 BINARY FULL ADDER 
(COMPLEX GATE IMPLEMENTATION) 


No; - of No. of eet: Inter- Power 
MOSFETS Gates oe Connections Consumption 


TABLE 1,1 COMPARISON OF BINARY FULL ADDER IMPLEMENTATIONS 
WITH SIMPLE GATES AND COMPLEX GATES 


Implementation 


Apparently, the network implemented with complex gates is better 
than the other in every item. When logical networks are implemented 
with MOS complex gates, some of the following objectives are usually 
chosen by logic designers. 

Als Minimization of the number of MOS gates 

Be Minimization of the number of MOSFETs 

Sin Minimization of the number of interconnections 

4, Minimization of logic levels 
Usually these objectives are not independent of each other and they 


often conflict with each other. In such a case we have to choose the 


most important objectives at the sacrifice of other objectives. 

For these design objectives, some algorithms have been developed. 
An algorithm which minimizes the number of MOS gates restricted to 
two level networks was first developed by Ibaraki and Muroga [3]. ‘This 
method uses the truth table and the minimal network is synthesized by 
finding minimal cover sets. Two efficient algorithms which use dif- 
ferent approaches were developed by Liu [4] and Kasami et al. [5] 
independently. Those two algorithms are very similar and both aleoritHil 
extended the network to more than two level cases. These algorithms 
minimize the number of MOS gates. But the efficient algorithm which 
minimizes the number of MOSFETs has not been known, although this 
problem can be solved by integer programming for small networks [6]. 

In this paper, a program package which designs MOS logic networks ~ 


based on Liu's algorithm* is described. And the computational results 


* The early version of Iiu'’s PH.D. thesis. 


y) 


‘unctions of ten or less variables are discussed, and as a further 


Os SYNTHESIS ALGORITHM 


An MOS gate consists of a single FET as a load and several FET's as 
drivers. Hence the output function of each gate is always a negative 
function and any negative function can be realized with an MOS gate. 
In this chapter, an algorithm which implements logic networks with a 
minimal number of negative gates is described. This algorithm is 
based on the early version of Liu's algorithm. Since each gate consumes 
almost constant power, this algorithm implements networks of lowest 
power consumption. 


The following definitions are necessary to derive the algorithm. 


Dishmaljglagey ley AL 

Let es be the set of all n-dimensional binary vectors with each 
coordinate of O or 1. For two vectors, A = (a, , Ans + 2 25 a.) and 
b 


B = (b atte Say b) in V|, A= Bif and only if a, =b, for all i, 


cee 
and A < B if and only if a, < bs for all i and A # B. 
Definition 2 

Assume A is an input vector. Then @ is defined as the product of 
complemented literals corresponding to O in A and 6 is defined as the 
product of literals corresponding to 1 in A. (e.g. @ = 1% 
B =x,x) for input vector 0101). 
Definition 3 


Assume A is a true vector of a Boolean function f. Then A is 


detached (i.e. detached from the vector (0, 0, . .., 0)) if therenaes 


a false vector of f, B such that A>B. A is said to be attached if 
it is not detached. 
Definition 4 


Assume AL and A, are two true vectors of f. Then AL is called 


seperated from A, and denoted as A,/Ao» if there exists a false vector 


2 
of f, B, such that Ay = B > Ans 
Definition 5 

Let A be a detached true vector of f. Consider every chain of 
vectors Aj, A,, + + +, A, such that A,/A,/ Ze ae /AJAs starting with 
A. The number of vectors included in the maximum chain is called the 
degree of A. The set of all vectors with the same degree e is called 
a true cluster of degree e. 
Definition 6 

For a given Boolean function f, let us define sets of input vectors 


where (a) m 12 wOe ee syed) Ls the tive 


Mame  * ? 2a4 1 oi | 
cluster of detached true vectors of degree i, (b) Mos 4 = (B | B d Ms. 


me 1)? B is a vector smaller than at least one vector in m5 


, o : 
but not smaller than any vector in eens 1) Th Moe 4g is called a 


B ¢ m 


false cluster and (c) 2d+2 is the total number of clusters. (my m,» 
aie Moa a 1) is called the stratified structure of f. 
Definition 7 

For each cluster m, (i= O, 1, ..., 2d+1), assign binary integer 
numbers L(m, ) satisfying the following conditions. 


(a) The least significant digit of L(m, ) must equal 1 for 


even i and O for odd i. 


Mog 45 is defined as the empty set. 


(b) L(m, ) i L(m;) fort =n 
(c) The number of digits of L(m, ) is T= [1og,, (d+) 4am 
where [a] is the smallest integer not smaller than a. 


By representing 


Au 
T-k 


k 
we can construct a table shown in Figure 2.1. This table is called . 


a stratified truth table. 


1 g, (m,) g,(m, ) ES E,(m, ) 


Moat | S2oa4a? SalMoga sy)” + - = | Balt eeD 


FIGURE 2.1 THE STRATIFIED TRUTH TABLE 


Definition 8 

For each 6; (m,) = 1 in a stratified truth table, find all > j 
such that g, (mp) = 0. For each £, find an index k < i such that 
g,,(m,) = O and g,, (mp) =1. Let us denote all the indices k with 
Ky, Ky, +. +, k,, then Bi, Bi ee os is called a prohibiting 
product of 6, (m,). 

If there is no £ > j such that g, (m,) = 0, then the prohibiting 


product is defined as 0 = 1, 


Algorithm A 


Step 1: Find all attached true vectors of a given function f. Denote 

all the attached true vectors with A,, A., ..., A. Their products 
lite se a 

of complemented literals by Definition 2 are denoted by > sy 2 + +5 

ae Compute = 0 v a, Aol Maurer NZ Oe For f, form new function fs 

by changing all the attached true vectors into false vectors. 

Step 2: Find the degree of each true vector of fs and form the strati- 


fied structure of fs. 


Step 3: For each cluster, compute € as follows. Assume cluster m, 


includes input vectors SAE 4p ees AL sts - Then € is obtained by 
C3 = OF i. Vv op Rwauea «NA 2 t, if iis even 
Pe ieee Yt at,” ei 
as Bsa, a) i © ss -odd, 
ub 
where for p =i or i=] is a product of complemented literals of 
3 
an input vector A imeciueter mM . 6 is a product of non-comple- 
P>qW 9) P»q 
mented literals of an input vector A in cluster ue 
3 


Step 4: Assign the smallest integer number to each cluster as L(m, ) 
satisfying the conditions of definition 7, and construct a stratified 
truth table. 

Step 5: For each column i of the stratified truth table, find the set 
Great indices j's such that g,(m,) = 1, and denote the set with Js 
For each j € Jes io) a oe HE J. then eliminate the j from Js» ees 


J, =d, - {j}. After all such j's are eliminated, for each j € J, 


10 


form ns * C, B54 Eso Pathe B59 where Bay B55 ok is a 
prohibiting product of g,(m,). Form the sum of all the products 
Meee for each column, and denote it with Bs: 
B= Daag ™ Mayal <oc  ee 
Step 6: By using En and Q obtained in Step 1, form Boolean function 
P= Env 

where En is the Boolean function for the last column in the stratified 
truth table. 

B5 represents the function of the ith gate of the feed-forward 


network which realizes function f. 9 represents the function f of the 


last gate. 
Example 
ni XX Vv 1% Ni %X) Nz x3%), 
= 2% (0, 4, 6, 8, 10. 1a ees mein 
By Step 1 


Attached true vecotrs = (1100, 1000, 0100, 0000) 


By Step 2 
my = (aay EEO Oe Oma 1010} 
my = {1100, O11 TY, OOD Olli Loot, Ooo. 1000} 
n= {0110 } 
i = {O100, OO10, 0000} 
By Step 3 


CF a (x %5%3%), V XXpoXq Vv X1XpX 
= ai ae Vv sr ia 
be = * 11, 


This network is shown in Figure 2.2. 


h 


a SD ED 


eegan 


Vv 1X.) 


Ly 


X1 VX4VXoX3 


VX3X4 


FIGURE 2.2 THE REALIZED NETWORK 
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36 PROGRAM ORGANIZATION 


This program package is implemented according to Algorithm A and 
is designed to deal with up to ten variable functions. The program 
package consists of one main program and 14 subroutines implemented by 
FORTRAN IV. The numbers of statements of the main program and each 


subroutine are shown in Table 3.1. The total number of statements is 64. 


MAIN Main program 

BLDTT Build truth table 

FNDAV Find attached true vectors 
ASCEND] Find next smallest vector 

DECEND} Find next largest vector 

COUNT Count the number of 1's in a vector 
DTABLE | Calculate the degrees of vectors 
CMZETA| Form ¢ 

COMP Find complemented function 
ADDTB Add two functions 

SIMPLE | Find the irredundant form 

BSTTB Build Stratified Table 


COMFNC | Form g,'s 


OUT Print out f and g,'s 


Form Boolean expression of € and 2 


TABLE 3.1 THE NUMBER OF STATEMENTS OF EACH SUBROUTINE 


14 


Program organization is shown in Figure 3.1. Each box consists of a 
few subroutines and has the following functions. 
@ Read a Header Card 

A header card indicates the number of variables of the Boolean 
functions which are to be processed. 
@) Read Boolean Function f 

Build Truth Table 

Read cards which describe a function f , and build a truth table 
of the function according to the data. 
G) Find Attached True Vectors 

Compute 2 

Form Function fs 

If the vector (0, 0, ..., 0) is a false vector, there are no 
attached true vectors because all other vectors are larger than 
(0, O, . «+, 0). If the vector (0, 0, ..., 0) is a true mecnom 
find all the false vectors of f. Eliminate all true vectors which are 
larger than each of the false vectors. The rest of the true vectors 
are attached true vectors. Make the logical product of the complements { 
of variables which are O in the vector. is the logical sum of all 
the products generated for all attached true vectors. Form function 
fs by changing all the attached true vectors into false vectors. 
@) Build Degree table 

Set the degree of the vector (1, 1, . -.-, 1) to 0. For 2 vequem 
A= (a,, Bog se ey a.) find all the true vectors B = (b,, Dor + + +, 


such that B > A and b. 2 a, for only one i , and denote them as 


a3 


: (1) READ A HEADER CARD 


NO MORE DATA 
(2) READ BOOLEAN FUNCTION f 
BUILD TRUTH TABLE | 


FIND ATTACHED TRUE VECTORS 
COMPUTE Q 
FORM FUNCTION f, 


(4) BUILD DEGREE TABLE 


(6) BUILD STRATIFIED TABLE 
| 
(7) compuTe f AnD gjS 


OUTPUT 


FIGURE 3.1 PROGRAM ORGANIZATION 


B,, By» + + +) B.- Find all the false vectors C = (Cy> Cop + ey Cc) 
such that C€ >A and Cc. > as for only one i , and denote them as 
Cy, Cos et ietets Cy - Let the degrees of By» Bo» siuaketensis B. be qd» qd, 


seat ae ce d,. and the degrees of Cy» Cos etal oe Cy be &,9 °5s “Seuemme 


respectively. If the vector A is a true vector, then its degree is 


the maximum of d., d - Otherwise its degree is the maximum 


Als? 2? e e fo 9) q,. 


OL Gh Setapgr ex ct lege ten er ary Clete ey Cnr 2 88s ep: By this procedure 


dl 2 


we can construct the stratified structure of function f at the same 


k 


time. 
G) Compute t's 

For each cluster of vectors, compute €. 
© Build Stratified Table 

Assign smallest binary integer number to each cluster as L(m, ) 
satisfying the conditions of definition 7 in chapter 2. Construct a a 
stratified truth table. | 
@ Form g's 

Form g,'s according to Algorithm A. 


® Output 


Pring Ge sand g,'s in the form of Boolean expressions. 


Li 


hy COMPUTATIONAL RESULTS 


This programming package was applied to all representative 
functions of three and four variables and some functions of more than 
four variables. For negative gate network design, all functions can 
be classified into equivalence classes with respect to permutation of 
variables. 

According to this classification there are 80 representative 
functions for three variable functions and 3984 representative functions 
for four variable functions [7]. The numbers of gates which are 
required for three variable representative functions and four variable 
representative functions are shown in Table ee. 71% of three 
variable functions require two gates and 60% of four variable functions 
require three gates. 

The average computation time per function is shown in Figure }.1. 
The average computation time is the average of ten functions which 
are randomly chosen for each number of variables. Figure 4.1 shows 
that the computation time exponentially increases according to the 
number of variables. In the case of ten variable functions, about 
95% of the computation time is required to form the Boolean expres- 
Sions of €'s. The computation time will be improved by using the 
modified algorithm described in chapter 5. We can expect to decrease 
the computation time to half that of Algorithm A. 

The computational results of all three and four variable functions 


are listed in appendices. Examples of networks which are designed 


based on the computer printouts are also shown in appendices. 


18 


THREE VARIABLE FUNCTIONS 


DTT 2376 3984 


No. of functions 


FOUR VARIABLE FUNCTIONS 


TABLE 4,1 THE NUMBER OF FUNCTIONS VS. THE NUMBER OF 


REQUIRED GATES 


In these examples the Boolean expression of each function given in 
the computer printouts.is factored with parentheses whenever it is found 
to decrease the number of literals. Then based on this Boolean 
expression, each gate is synthesized by series or parallel connection 
of MOSFETs corresponding to the logical product or sum, respectively. 
Since the minimization of the number of MOSFET's is not considered, 
the number of MOSFET's of these networks may not be minimum. This 


problem has not been solved yet. 
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Oo ~ = 
~ a re) 5 


COMPUTATION TIME (sec) 
8 


o 
re) 
| 


eon eo. 66GB Ds 10 
NUMBER OF VARIABLES 


FIGURE 4.1 COMPUTATION TIME VS. NUMBER OF VARIABLES 
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De FURTHER CONSIDERATIONS 


The algorithm which was developed by Kasami et al. is similar to 
Liu's early algorithm. In this chapter, an algorithm is developed by 
combining Liu's algorithm and Kasami's algorithm in order to improve 
the processing speed. This modified algorithm is efficient to find 


the irredundant disjunctive form of each gate function. In this 


chapter we discuss the modified algorithm and compare it with Algorithm j 


A in chapter 2. 


5.1 INVERSION COMPLEXITY 

Let Wie be the set of all n-dimensional binary vectors with each 
coordinate of 0 or 1. Hach vector in iS is represented as a vertex 
of an n-dimensional cube SF so that two vectors A and B are adjacent 
if and only if A differs from B at exactly one component. Each edge 
is directed from A to B if A >B and is denoted by AB. Let 
pees ae a be completely specified Boolean functions of n vasa 


ables. When each vertex A of Ce is labeled with a binary number 


m i 
ih (Use f\> aide ey f = ee A cates Ch is referred to as 


City> oP ees ti: A directed edge AB is called an inverse edge of 


C(t; sen oe £) if and only if 1(A; fig + 285 t. > £ (ae Poy 
to The number of inverse edges included in a directed path P of 
CG per eae ) is called the number of inversions of the path P. 


And the maximum number of inversions over all directed paths of 


C(f4> eae ) is called the number of inversions of C4 (f52 ee 
and denoted by R(f,, Pies a5 fe 
A Boolean function f is negative if and only if £(A;f) < 2(B; f) 
for every edge AB of Cc, When a logic network is realized with 
negative mais only, the minimum number of negative gates N(f) is 
given by 
mie) Idee, | RCE) + 2.314+1 


where [a] is the smallest integer not smaller than a. 


5.2 MODIFIED ALGORITHM 

A generalized feed-forward network which consists of r negative 
gates is shown in Figure 5.1. Any networks with r negative gates can 
be obtained by deleting some of the interconnections from Figure 5.1. 
In Figure 5.1 xis se om denote input variables, Bs denotes the 
i-th gate from the left, g, (x), Bie sy Hyp Uyg my u, 4) is the 


function which gate S5 realizes, and u, (x S- Wis x) is the output 


die 


function of gate Bs in terms of x x The following lemma 


ae 


and algorithm are shown by Kasami et al. 
Lemma 1: For a network of the form in Figure 5.1, C (ays on hit ey 


Wy f) has no inverse edge. Conversely, if C (a> see, UD £) 


has no inverse edge then Uy» har) vats f can be realized by a 


u 
r-1? 


network of the form in Figure 5.1. This lemma immediately leads to 
the following algorithm which gives a minimum number of negative 


gates and a set of wu, .- f for a given single output 


1 oe las eg 


funebion f. 


FIGURE 5.1 GENERALIZED FEED-FORWARD NETWORK WITH r NEGATIVE GATES 
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Algorithm Ibe 
Step 1: Assign the value of f(x) to L(I), where L(A) denotes a 


label to be attached to a vertex A of C. I denotes the vector 
ea |», 1) € Vv. 
Step 2: When L(A) is assigned to every vertex A of weight W of Ch 
(weight is the number of 1 elements in a vector), assign the smallest 
binary integer as L(B) to vertex B of weight W-1, such that 

(a) The least significant bit of L(B) is f(B). 

(b) L(B) > L(A) for every vertex A whose weight is W. 
Step 3: Repeat step 2 until L(0) is assigned, where O is the vector 
Memb d sce, O) €V- 

Generally there are other networks with a minimum number of 

negative gates than the network obtained by Algorithm 1, because as 


long as L(0) is less than oN (f) 


and the two conditions in Step 2 are 
satisfied, a greater integer (instead of the smallest integer that 
Algorithm 1 describes) can be assigned to L(B) without increasing the 
number of negative gates. This alternative affects the number of 
interconnections and also the structure of each gate. Appropriate 
binary integer assignment may make the complexity of each gate more 
equally distributed, and also may reduce the total number of MOSFETs. 
In this paper this problem will not be discussed further. 

The Boolean expressions of g,'s are obtained by the following 


algorithm. This algorithm is developed based on Liu's early algorithm 


and Kasami et al.'s. 


eh 


Algorithm 2. | 
Step 1: Divide all the vectors into groups so that all vectors in , 
each group have the same label. Let us call these groups My» my» 
ee m» where mn. has a smaller label than me (j =0, 1 eee 
k-1). 

Step 2: For each vector, make the logical product of only the variables 
which are 1 in the vector. If there is no such variable, the logical 
product is defined to be 1. For each group, make the logical sum of 
the products corresponding to vectors which belong to the group. Let 


us call these logical sums CO for mos C1 EOI amen, Oo for my etc. 


dk 
Step 3: Choose m.,’s from Ms Mize so) mm whose label L(m, ) has 
Gl > O, where u, is the i+1 st digit of the label from the 

i+l1 Re el 
left. And for each selected hay make the logical product of C, and 
ees which =haye: uses 

aL i 

Step 4: Make the logical sum of all the products obtained by Step 3. 
Let us denote this sum of products with Gray ° 
Step 5: Repeat Step 3 and Step 4 for all i(i=0,1,..., r-1), woe 
r is the number of negative gates N(f). 85 is the Boolean function 
of the ith gate from the left. g.. represents the function f£ of the 
last gate. 

The difference between this algorithm and Kasami's is dividing 

the vectors into groups which have the same labels. This grouping 


technique makes the calculation of g,'s faster especially when the 


number of variables increases. t 


MCU = - 
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Example 
Pewee ora, sO, 11) 2, 13, 1h, 15) 


First assign binary integer numbers to all vertexes as labels 
by Algorithm 1. All labels must satisfy the two conditions in Step 2. 
This assignment is shown in Figure 5.2. Functions g.'s are obtained 


from the labels by Algorithm 2. 


0110 ie 0101 0011 


= @ TRUE VECTOR 


O FALSE VECTOR 


FIGURE 5.2 BINARY INTEGER NUMBER ASSIGNMENT 


By Step 1, group the input vectors. 
My = (1711, 110, Lor, NOTE AO, 1010} 
label O01 
m, = {Oll1, 0011, 0101, 1001, 0001} 
label 010 | 


m= {1000, O1O00, 0110} 


Jabel OLE 
= (OOne 
Mm ( } 
label 100 
Ty, = {0000} 
label LOL 
By Step 2 

bo = X)%o Vv XX. 
Sk 

Co =X, v Xo 
es ees 
gat 


By Steps 3 and 4 


Bp oe a ee a V X,%, v Hv Wee 


qa ibs ab 2 
= oi Vv ae Vv i, 


= 2 Vv nae Vv By 
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From this result, we can obtain the logic network with MOS gates 


shown in Figure 5.3. 


FIGURE 5.3 MOS NETWORK DESIGNED BY ALGORITHM 1 AND 2 


5-3 COMPARISON OF TWO ALGORITHMS 

The modified algorithm is better than Algorithm A in chapter 2 
in the following points. 

(a) In Algorithm A, attached true vectors have to be found and 
removed from function f. Since in the modified algorithm, it is not 
required to find attached true vectors, this procedure can be completely 


omitted. 
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(o) In Algorithm A, two equations must be calculated in order to 
obtain the Boolean expressions of ‘ts. aeEewe need irredundant dis- 
junctive forms for the expressions of g.'S, the calculation is 
complicated and it requires considerable computation time. In the 
modified eau only one equation is necessary, and an irredundant 
disjunctive form can be obtained by simple calculation. 

(c) In the modified algorithm, the Boolean expression of g. is 
more easily found than Algorithm A because in Algorithm A, the 


procedure to find prohibiting products is complicated. (Generally, if 


we assign the smallest binary integer to each group of vectors as a 
label L(m,), we can simplify the procedure to find prohibiting products. ) 
The network obtained by the modified algorithm is usually differ- 
ent from the network by Algorithm A, because the Boolean expression 
obtained by the modified algorithm is a sum of product form, and the 
other one is a product of sum form. In addition to this difference, 
there are some other differences caused by the following reasons. 

(a) In Algorithm A, attached true vectors are removed from the 
given function f, and g,'s are formed for the new function fs. 

(b) In Algorithm A, true vectors are used to find the functions 
B,'S; and all don't care vectors are set to O. But in the modified 
algorithm, false vectors are used, and all don't care vectors are set 
GO) dor 

Hence even if we compare the two results in the same form (e.g. 
sum of product form) by converting one of them to the other form, 


they are usually different. 


[1] 


[2] 


[3] 


[4] 


[5] 


[6] 


[7] 
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APPENDIX A 


f AND g,'s OBTAINED BY COMPUTER FOR ALL REPRESENTATIVE 


FUNCTIONS OF THREE VARIABLES 


In Table A, the three digit numbers in the far left column of the 
list represent the functions with octal numbers which are formed from 
the output column in the truth table. The binary digits in the 
output column (downward from the top) are divided into three groups 


and each group is expressed by an octal digit as shown in Figure A. 


—_ — 


= X5%3 v X)%X,, Vv Xo%a % Aiton 
=2 Ge ey 3, D9 6) 
oe Se Neer ae Sa ee ee X_X Xe 


Binary IL O i als O aL dE 


Octal 2 6 6 


FIGURE A OCTAL REPRESENTATION OF A THREE VARIABLE FUNCTION 


In the representation of the function of each gate, the following 


notations are used. 


XI : See 
ut 
GI : Bs 
F it 
= : Complement 


xample, 
= 
(KL + X2 x3) 2 
eae <i) 
461 


By = Yee 
| 4 Xv XS 


an 


| te prey ‘ 
TABLE A f AND g,'S OBTAINED BY COMPUTER FOR ALL a 


REPRESENTATIVE FUNCTIONS OF THREE VARTABI 


UY CXR FUE =35 Cease Cx GRCKTE =TS oe 


a CIXs 2xye TS] WExextxve =d (Z2X1TX+# EXTX4+ EXZX)* =19 I2E 
CURE Ck SP ses Tukeinrm ee ce yi = sce 

(11S). Gav ares ga) Homme |ONLINE CAD C1) on | CEXTX EXICXE CLK HE =T9 CE 
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(2X €XI= +719™ (IXY =4 (Exdx+ T¥ Je =19 9E2 
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a a a a a ek a a a OI a a aS eS Te 1), Gs TED) =P) et a Ud he aa (27 GDL a 2) 2 ee 0) Ao) Sl SE 
CUM 2X* X= ros chive =s (CE¥IX+ EXZK4 2XTX)E =T9 522 
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T9= €ExX?KTXIE =4 CIX# 2xX+ Ex} =75 SLT 

a Sean ; eee on Mee oa ee = N=)  cGEN eke mel’ Lo  =4a05 b= Kempe cen - tik cut EXO Ht = shia aa 
; Lo exit =4 CIx+ 2x? E€X)= =19 HLT 
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IdD= (2X1X+ EXIX)® =4 €IX* Zx+ EX)e =T9 JLT 

i i ieee a I a eh ee a ee TS a ee ae ae sieeck = Ue Rite ie nel eee ee ae 
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aa = al 9 | LO= = tikes eX hee se sak em wy ERI = ome tre Mab me Mie emo SIT 
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TO© (2XIX+ EXTX+ EXZKPY =4 tIx+ 2X4 Ex}© =19 OSI 
eee ae ——— ar ee ee oe EI CEE ERC IE ee I= = 3 = OE eke weR = =o We hae ake 5 ee 
I9e  (Tx# ExZKIe = (2X4 €X* TX}© =19 OE 
: Te Sa a ele CEXUS Pec ke: WCE Risse Poe RR CRIE =Con EENETERS CMDS F a kG leas 
ED (CX NY EXEMS =4 (Ix+ Ex) =19 Ser 
ig ng it te pt pt 


T9®  CEXZKTXDe =4 (2X1IX4+ EXE =19 92T 
= aia Sree kee a ere eee ae a Se eee eee Cees ae 
TO©  ¢IX# 2xde #298 TIX =4 TOY FEXZKIH =29 (EX+ TX4 2H)e =TT 9 T2T 


>. pear 7 a eal ame es pee ae SS a Ss ee eS ee 
T9© (UX 2XD8 #29" T3H =4 TI CEXZKTHIY =29 9 (Exe EX# 2Pe =T9 TIT 


Te (C2xTX+ XFS 429= T= =5 PSH  GEWEKe Exz¥Ee =279  EExe get EXE =1O) SEO 
“4 aes = Spas ee Oe Fe Se ee POE Fae 6 oT eee Se Se eet 1. Vk te Maem 119, SS) eal 3 ma? 0 ee 

TS= CIX* EXPO 429 FT] =4 FSe GERUXe ExCKEe =79  €2x+ Tet EXI= =19 5670 
SS ats. aco ae” Pare EEE a RY > —¢ ee Ree == ay CEN RPE RIESE | aso 
T3= ¢ex+ Eyde +20» 10 =4 TI ExXeXTE =79 EEN+ 2X* EXIF =19 TED 
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ea ae se eee Per Ns > Sears Sa oe CRE IK aS Fee S CECRE CSEe = 2s -~ ee 
‘ : i =4 sExPRI =19 | Tes 
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APPENDIX B 


f AND g,'s OBTAINED BY COMPUTER FOR ALL REPRESENTATIVE 


} FUNCTIONS OF FOUR VARIABLES 


In Table B, four digit hexadecimal numbers are used to represent 


the functions. Each digit represents four binary digits of truth 


table in the same way as three variable function. 


TABLE B f AND g,'s OBTAINED BY COMPUTER FOR ALL 


REPRESENTATIVE FUNCTIONS OF FOUR VARIABLES - : 


i “19 (E€XZX# YH) 4298 TNX =4 T9© (¥X7X1X)*© =29 (1x+# €XZ2xX+ ¥X)© =19 avOC 
WR 19! (2X4 €X# OXY 4798 TIX (EX2K# HKEXIY =F TOY (ZKTX4 EXTX+ EXZX4 HXEXIY =29 (Txt 2X4 EX4 HX) =T 


T9©) (EXZ2X*# bxXDe +29" 19" =4 T8© (EXZXTKIe =29 (1X4+ €X2X+ oX)© =19 avoc 
1S (€X2X+ oX)* 429% 19" =4 19*  (4xX€xXZxTX)*© =29 (1X+ €XZX+ ¥X)© =19 6VOC 


TO (€X2X4+ OX)© =A (1X+ EX2X+ HXIE =19 RVOC 
= To! (2Xe €X% OXIDE #29= 19=  =5 19" (2xXTX+ SXEXTX)© =29  (1X# @X+ €X+ X= =19 4600 
19] (2X# EX+ OX)* 426" 19 (¥KEXZXIS =4 TS* (2X1X+ SXEXTX4 HXEXZXIY =29 (1X+ 2X+ €X+ 4X)© =19 JEOO 
ae. 19! (E+ Xe 4798 T9e =4 19 (EXSXTX+ YXEXTXI® =29 (IX+ €X+ 5X)© =19 8600 
T9©) (ZX# EX4 OX)© 429" 19® (4XZKIe =4 19 (2X1X+ HXEXTX4# HXZK)© =29 (IX+ 2X+ €X+# 4X)©= =19 VEOO 
19 (2X4 EX+ HX)Y + 


29 19© (EXZX+ HXZXIe =4 T9©  (2X1X+ YXEXTX+ EXZK+ HXZXIY =29 (1X+ 2X €X+ 4XI© =19 860 
T9=  (2X+ €X+ oXI© 429" 19" =4 TO" (EXZXIX4 HXZXIX4 HXEXTXI® =29 (1X+ ZX+ €X+ 4xX)© =19 1600 
7 T9* (2X# €X* HX)© + : 

Zo 19 (HXEXZXI® =4 19%  (€EXZXTX+ HXZXTX+ HKEXTX4 HXEXZKI* =29 (1X+ Z2X+ €X+ 4X) =19 9€00 
T9©) (2X+ €X# oxye #29" IDK =4 T9© (2XTXI© =29 = (1XK+ 2X4 EX4+ OX) =TD 4800, 

T9* (2xX+ €X+# bXI* #752 19" (HKEX)® =4 19 (2X1X4 bXEXI® =29 (1X+# 2X# €X# 4X)*© =19 3600 

T9© (EX+# HxXI© #279© 19 =4 TS= (€XexIxI© 
T9= (2X4 EX4 HXP© 479* 19 (4X)e =4 19* (2xKIX+ 9X)* =29 (1X+ 2X+ €X+ 5X)*© =19 VE00 


I9=) (€X# X)© 429" 19" =4 19=) (HXEXZXTX)© =29 (1x+ €xX* 4XI= =T9 6800 
19™ (2X# €X* HX) 479% 19% =4 19* (€X2XTX+ HXZXTX)* =29 (1X+ 2X+ €X+# oX)J©= =19 L800 
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; T= CKAEXSE SX 5429 a 1o= Sax aS Tor (EXCXTX# ox?= X+ €X+ 
=. : LOS NeXT EX# PX 498 TOS FSA TOS exe xextxy= =25 (1X+ ZX+ €X+ 4xX)I© =19 1800 
19) (2K# E€X+ HX) =4 (1X+ 2X+ EX*# ¥KX)© =19 OROO 
19 =4 (ZXTX*# EXTX+ HXIXIY =19 4L0C 
T9= ) (4XEXZXI® =J (Z2X1TX+ EXTX# YXTIX4 HXEXZKI® =TS FLOC 


WSS ZKS KEN seo oes RSS. (exExweraek (EXTX4 OXUX4 CK#7XEKIE =29 3906 
lo= Say xXx) Se=4 (CX 1TX+ EXTX# YXTX4 4X 2) 
1S  (EXZX+ OXZX+ HKEXI* #79" 19* =F4 Is (€X2xtx)= =28 (2X1X* EXTX4+ YXTX+ EXZK# HX2X+ YXEXI* =19 9890C 


19*  (4X2K4+ SXEX)D® =J5 (2XTX# EXTX+ HXTX*# 4XZX4# SXEXI= =1TD VO00 
WD (EXZxX+ HXZX+ HKEXIS 429% 19" =4 19* (YX EXZXTXI* =29 (ZX 1X4 EXTX4+ HXIX+ EXZX+ YXZX+# SXEXI® =19 €900 
; I9= (EX2K# HXZX* HSXEXI® =4 (2XTX* EXTX+ HXTX4# EXZX4 HXZX+ HXEXI® =19 890C 
19 (HXEXZX)* =4 (ZX1X+ EXTX+ HXEXZXI* =19 JE00 
T9= (EXZXt HHI +29" 19" =4 T9©  (9X2KTX* YXEXTXI© =2° (2XTX+ EXIX+ EXCK+ KIO 
. 19*) (2X* oX)©= 429" 19% =4 19] U2Xtx ye. =29 (EXTX+ ZX+ oX)I* =TE 420C 
TO (4XEXI© =45 (ZXTX+ EXIX+ HXEXIS =19 320C 
TS* (€xX2xX* X= 429* 19* =4 I9* (X2xXTXI© =7Z5 (ZXIX4# EXTX+ EXZX+ X= =19 AZ0C 
T9*) (EXZ2X*# SXEX)I® =4 (ZXTX# EXTX# EXZ2X+ HKEXI© =19 320 


ROSS EXeXs WM em We seas BIE HEXeXEN = =ed (2X1TX+ EXTX+ EXZX+ 4X) =19 8200 


19 (ox)© =4 (cx1x+ €XIxt 9X)©= =19 VeOO 
19 —LEXZX* XD 4279" 19" =4 T9= UHXEXZXTXIS =ZE —CEXTX+ EXTX+ EXZX*# HXIY =19 6200 
T9©  (EX2X# HX =4 CCX IK4 EXTX# EXZK+ OXI =ID OCCC 
eee wat Piset=s. (Z2X1X4+ SXEXTXI© =19 JTOC 
; T9= (oxXExex}® =4 (2X1X4 SXEXIX+ SXEXCXI= =19 JTOC 


Va CS 9 eae 4 Cn oe ED= HEEXEX XAT YU NMEXEX EL ScD (2XTX+ E€X+ YIe =1D EIOC 


T9= (oxexde =4 (2xIx+ YXEXIK+ ¥XOX)H = 
ah i ae TOY (EX+ XIE 429% TOY =4s 19 (HXEXTXI® =29 — EZKTX+ EX# SXIY =19 6100 
T8\ t€xXex+ HXZKIY =4 (2X1X4 YXEXTX+ EXCKX4 SXCKIy =1D ET10C 
a past eo 19* =4 (EXZX1IX+ HXZXIX+ HXEXTXI® =19 LTO 
TS© (¥XEXeX)© =4 (EXZXTX+ SXCXTX+ SXEXTIX+ HKXEXZXI™ =19 9TOC 
19* (4xXEX)* =4 (ZXTX+ 5XEX)© =19 3000 


F9=9) (EX4eSX I= 429" 19= 4d I= PLEXKSXI KS =e VEXL X45 EX+4 ox 
TIS Stex#) SMRSTSEOE PSS” Fes ED=  (YXEXexXtx® =c9 (2X1X+ €X+ 4X)© =19 60006 


: T9© (€X+# bX =3 C2XTX# EX+ HXI© =19 BCCC 
ac ren = (EXZ¥1X4 HXZXTXI* =19 2000 

1s= (€9XEX)= =4 (exXZ2xTX+ ©XZXTX+# SXEXI® =19 900C 

19= =4 (€EXZXTX)= =19 €000 


: Se? aie EN , 19% = AOXEXZXTXIS =19  100€ 


Dd - a 
“TOS C2X# EX4 ODS 4279 TS (HXEXZXTXIS = 
Td (EX+ HxIe 4298 T9e 
(2X4 EX4 OKIE 4Z9© TO CHXZXTXD™ 


= 5 


(IX+ 2X+ 

SXEXTK4+ YKEXZX I =29 (1X+ 4x) =19 
TOS) 2X4 exe axes 

79= 19 HEXZKIX+ HX2KTX)® =4 19= (2XTX+ YXEXTX+ YXEXZTXIS =29 (TX# 2X+ €X+ ¥XI* =19 

T9= (2X EX* OXI 429" 19" =4 T9©  (EXSXTX+ HXCXTIKX4 HXEXIX4 YKEXZKX IY =729 (1X+ 2X4 €X+ OXI© =19 
T9* (2X+ EX HX) + 


Uoh= 


a 


29= 19] (HKXEXZXTXI® = T9™ (EXZXUX+ HXZKTK + YKEXTX 4 YNMEXZK IS =29 (UX4 2X+ €X+ ¥X)© =19 
ee Z2XUX# YXEXZXI® (1X+ 2X4 ox)= 


T9= (2X EX# HXD© 4279" T9* (HXEXTXIS =J4 TS© (2XTX* HXEXZX+ HKEXTKI™ =279 (1X+ 2X# EX+ ¥XDS =TO 
Td  (EX+ 4X) #29" 19" =4 T9= (EX2KIX+ HKEXZXI™ =29 (1X+ €X+ 9x )© =19 


T9= (2X EX* HXD© +25" 19" (HXTIXI® =4 T9= (2XTX+# YXENENX4 YXTKDS =29 (IX 2xX# EX+ Hx =1D 
19* (Exe oxXP®© 425" 19 =4 19 (¥XExzZx)= =29 (IX €X* 9M )D© =19 


19= (EXTX* HKXTXIS =4 (1X* #XEXZKIS =19 


Td (exe EX* HKPY +29" 19" «4 9s (EXZKIN+ HXZXIN+ HKEXZTKIS =29 (IX+ 2X+ €X* HX)* =T9 
IS= (2X+ EX* OX)= + 


: 29* 19" (HXENXTNI® =s 19 (ENZKTX4 ONZKTN4 HKEXZTM4 HKMEXTKIS =Z9  (IX+ 2K+ EX* HNIE =19 9BTO 
TS (2X# EX# HXP© 479" 19 =4 TO® CEXZKTX* HKEXZMI= =Z29 (IX+ ZX EX* MDS =1D EBTO 
Me €X¢ OX)© 429= 19= (HXIKI= =4 19 (EXZXIXe SXENZNe HXTKIS =29  (IX+ 2X4 EX HXIY =19 ZOO 
TO (2X4 EX# HXDe 429© 198 =4 TIX (HXEXZKIS =Z9 (IX Z2X* EX* SMDE =IN TESTO 
Q=  (ZXTX+ EXTIK+ HXTXI® =4 (1X4 9XEXZKD© =19 O8TO 
1m «J (2X14 EXIX? SXIX4 HNXEXZKMI= =19 LTC 
19\  (MXEXZXTNV® =4 (ZXIX+ EXTX+ HXIX+ YKEXZKD® =19  3LT0 
19= (ZK* HNKEXDS O279© TO =4 TO (ZMIN+ HKEXZKXIS =Z29 CEXIN+ SXTKA ZX* OKEKI™ =19 49TO 
= 2 T9=  (9xXEXTXI® =4 (ZK 1X4 EXTIXS YXIX+ SXEXZMOI =19 39TO 
T9= (ENSK] HXZX® HNKEND™ 429" 19= =4 19 (EXZKIX+ HNEXTXI™ =2D (ZKXIX* ENXTX# HKIN+ EXZK+ HXZN4 SNEXIE =19D GGIC 
oXZXTIX® OXEXTNDS = (ZXIM+ EXIX# HXIXe ONXNEXZKIS =19 VITO 
B+ (ENZX+ HNZK* HNEXD® 4279" T9© =4 19" (HXEXZXI™ =79 (Z2XTX* EXTIX# YMING EXZK+ OXZK# SMEXIS =19 ESTO 
T9= CEXZXTX# HXZKING HKEXTXID® =4 (ZXIX4 EXIXS HXIXe HXEXZKIS =19 8910 
: 19=  =4 (ZMIX+ EXIX+ SXEXZXI© =19 JETO 
: 19: (9NEXZXTND® =4 (ZX1X4 EXIN+ HXEXZKI® =19 JETO 
T9©  (EXZX+ OKIE 4298 19% Hs 19 (HXZXTX4 SKEXTK* YNEXZKD] =29 (2KIMS EXTX* EXZK* HXI= =1N ETO 
19 UExXZxIKd= =4 (2X14 EXTX4 SXEXTOS® =19 DJETO 
TS (2x4 HXP© 225" 19© =4s TI= UCKIX* YNKEXZKI® =29  CEXTN4 eX HX)I= =19 Jeto 
(9XEXTXI® =5 (ZX1X+ EXINe HKENZMID® =19 3ZTC 
TO© (EXZK+ HMDS 229= 19 =4d TI (4XZKTN@ HKMEMZKI™ =29D (Z2KTX* EXTX* EXZX+ HXIY =19 GzZIO 
: 19=  (EXZXIX4 HKEXTIXI® =4 (ZX1X* EXTX4 HXEXZXI© =19 IZT0 
T9© (EXZX* HMDS 429© 198 =y TO© (CEXZXTN* YKEXZXI= =2E  (ZKIK4# EXTX# EXZX+ HXI© =TN GZIC 
(ZX 1X4 EXIX4+ 4XEXZX4 OXTIKI® =19 WZT0 
T9© CEXZX* SKD= 4279" TO =4 T9= (HXEKEKIE =29  (2KIX+ EXIX# EXZX4# XIE =19 6210 
19*  (EXZXTX+ SXTKD® =4 (ZX1N4 EXTX4 OXNEXZX4 HXTXIS =19 8270 
tT =4 (ZX1X+ SXEXTIX* HXEXZXI= =19 ATIC 
19 (KX EXZ2xTXI= =4 (Z2X1X+ HXEXTX4# SXEXZXIY =19 TT 
T9©  (€X4 HKD= #29" TI =5 19] (EXZKIXS SXEXTX4 HXEXZKIS =29 (CXTX* EX+ SXI© =19 OTIC 
19 (yxXzxTX)= =4 (ZX1X4+ 4XEXIX4 HXEXZXIE =19 VITO 
T9= (EX SXV= 429" 19 =45 TI CYXEXTX# SNKEXZXI™ =29 UCXIX*t EX 4XI™ =19 6TTO 
= 19* (€XZKIX* HXZKTKIS =4 (ZX1X+ YXEXTX4 SXEXZXIE =19 BTIC 
; 19= =4 (EXZXIX# HXZXTX# YXEXTX4# HXEXZKXIE =19 LITO 
To=  (#XexXZxTx)© =4 (EXZXIX+ HXZXTX+ HKEXTX+ SXEXZKI= =19 STIC 
T9©  (HXEXZX)e =4 (1X+ $XEXZK)= =19 3400 
19© (2X4 SXEXD® 429% 198 =5 19 (ZKTXI* =29  (TX# 2X+# OKEXIY =19 4I0C 
: T9© (EXZX# HKZX* SKEXIE 42798 19 =4 TOY CEX2XTXI® =29 (1X4 EXZX4+ HXZX* HXEKI =19 G3CC 
‘6 TD X24 YH KEKIE =d (1X4 X24 HXEXD® =19 IOC 
TO (EXZX+ HXZX# HKEXDY 429" 198 =4 TIX (HXEXZXTXIN =ZO (1X4 EXZX4 YXZX+ HXEXIY =19 630C 
19 (E€X2X+ HXSX+ HKEXI™ =3 — (IX4 EXZX+ HXZX# HKXEXIY =19 85IOC 
TSe (ext €X+ OXIDE 4298 TSH =4 TO (2XIX+ EXIXI® =29 (IX4+ Z2X+ EX+ HXIE =19 JOC 
19= (2X4 €X4 X)© 429% 19* (HXEXZXIe =4  T9© (2XTX+ EXTX+ SXEXZXIY =29 (1X+ 2X+ EX4+ HXIY =19 3800 
TO® (EX2X* XPS 429= 198 =4 TO® CHXZXTX+ YXEXTXIS =C9  CIX+ EXZX# HXIE =19 GAO 
: — 19% (2X4 EXt HXIE 429% TO© (EX2XP= =4 TI (2KIX+ EXTX4# EXZXIS =29  (IX+ 2X4 EX+ HXIY =19 9900 
19= (2x4 EX XIE 425" TI (HXEXI© =s  TI© (Z2XTK+ EXTX+ SXEXI® =29 (Txt CX+ EX+ 4X)© =T9 JVOC 


INI SW¥Od SSINISNG IWOOW  @030101NIINI SNONNILNOD 


a4 


T9© (EXZXTX# HXZX+ HXEXI® 479" 19" =4 T9 §=(EXZKTX)I* =ZE (ZX1X+ EXTX+ YXTX4# EXZX4# HXCX+ HKEXI® =19 ASC 
if __—19™ LY XZX* YKXEX)S =4 (2X1X+ EXTX+ OXIX+ EXZX4+ HXZX+ HXEXI™ =19D VI9ZO 
T9=  (EXZKIX+# SXZK+ HKEXI® 429" TS= =4 19©) (4HXEXZXTIXI* =2¢ (2X1X4# EXIX+ HXIX+ EXZX+ HX2X+ HXEKI® =19 E92C 
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T9© (EXZKTK+ OXZXTX4 SXEXD® =4 (1X+ €XZX4# 4X2X? SXEXIE =19 83590 
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: 29" TOY (HXEXZ2XIe =5s TOY (EXZXTX+ HXZXTX+ HXEXTX4 HXEXZXIY =29 CTX 2X4 EX# HXIY =19 DERC 
TIX (2XTX# EX# HXPE #298 TIX =4 TOE (EXZXTX+ SXEXTXIS =29  (IX+ 2X# EX+ XIE =19 E680 
T9* (2XTX+ EX+ HXIe 429% TSX (HX2KPY =4 U9 (EXZXTX+ SNEXTX4 HXZXIY =29  (1X4# 2X+ EX# HXIY =1D 72680 
TO (ZX1X# EX# OKIE HZE8 TIE =s TSH (HXEXTXIY =29 (1X4 2X# EX# XIE =19 TBO 
TOs (2X4 EX+ HXIe 429% TO (2KTK# EXZX+ HXZXIE =4  19Y (HXEXTX+ Z2KPe =29  (IX+ 2X+ EX+ HXIY =19 0600 
TO© (2XUX+ EX4# OKIE 4298 TO =s T9© C2xTXd© =29  (I1X+ 2X* EX SXI© =19 4660 
T9* (2XTX* EX HXPE 479% TIX (HKXEXIe =3 198 (2XIX+ HXEXDY =29  (1X+ 2X EX+ HXI* =19 3880 
T9© (€X# OXIe 4298 TEX =5 TO (CEXZXTXIS =29 (1X4 eX+ EX4* SX) =19 EEC 
19 (2KTX4 EX4 SKIE 4298 198 (HX =d TO (2XTX# HXIY =29 (1X4 2X4 EX4 HX) =19 WABCO 
TOX (EX# HKPY 4298 TI =F TDS UC HXEXZXTXIS =29.— CTX+ 2X+ EX* HXI™ =19 H8BC 
1 (€X+ oX)Ie =4 (1X4 2X4 €X4+ 4XI© =19 8880 
TI©  (2X1X* EX# HXPE 429% 198 =s 19 CEXCXTX+ YXEXTXIS =29 (1X4 CX+ EX OXI= =19 LBBC 

T9© (2X14 EX* OXIDE 4298 T9© (HXEXIY =4 EY CEXZKTX+ OXZXTX4 HXEKDY =29  (IX# ZX+ EX+ HXIY =19 SERO | 
; T9©) (Z2KTX4 EX4 XPS #296 TIH =4 198 (EXZXTXIS =29 (1X4 OX+ EX+ HX) =19 E880 
ae A 19s (2K 1X4 €X4 OXIDE 4298 TOY UHX)e =5 19  (EXZKTX4# HXIY =29 (1X4 2X4 EXt HKIY =19 ZE6C 
T9© (2KTX# EX4 HXDE 4298 TIX =4 TOe (HXEXZXTXI =29 (1X4 2X4 EX+ HX)© =19 TBO 
19= (ZX1X+ €X+ bXIY =4 (1X+# 2X+# €X+ oXI* =19 O8f86 
Vee? =a (1X# €x2X+ ¥X2K)= =19 J4LC 
2 19 (4XEXZXTXI® =4 CIX+ E€XZX+ HXZKIY =19 3420 
T9© (4X2XTX# EXPY 4258 T88 =4 TOY (EXIX4+ EXZXI™ =29 (IX4 OXZX* EXIY =19 G4lC 
19\  (oxZXTX)© =4 (1X+ €X2X+ 4XZXI= =19 V4LO 

TO©  CEXZKING HXZXTX4 HXEXI® 429" TO =4 LE CHXEXTX+ SXEXCXIE =29 9 (TX# EXZX+ HXZX* HKEXIS =19 641C | 
19\ (EX 2X14 HXZXTXIY =4 (1X4 €XZ2X+ 4XZKIY =19 e410 
T9= (2xe EX# OXIY 429% T= =3  TO© CEXTX* YXIX4 EXZX# HXCKI =D  (TX+ CX* EXt HXD© =19 L4LC 
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19* (xe xXzxde =4 (1X4 2X+ €X+ oXI* =19 F491 
T9* (2XTX# HXEXTX4 SXEXZKI® #29" 19% =4 PS | UeXkPIE 429 (1x# 2x+ €X4+ OX)© =19 43ST 
A Les a * ns SS MonENT Xa exe Kexe =a (IX# 2@X+ €X+ X= =19 3F9L 
19“  WEX2XTX# OXZXTX# GKEXTX+ OXEXZKIY 420% TE" =4 1S (EX2XTXIY =25 (1X+ 2¥4 €X4 bxd® =19 8331 
= Beets ‘ i ; __ BE GE XeXEX# XE XX OME X COGS Sa a CX CXR EX OX =i VS 
T9*©  (EXZXTX+ HX2KTX4 YXKEXTX4 HXEXZX)® 429" TO =4 19* )  (4XEX2XTXI* =29 (1x+ 2X4 €X4 bx)© =19 €3391 
19 (EXZXTX4 HX ZKTX4 HXKEXTX4 OXEXZX)Y =4 (1X# ZX+ €X+ >X)© =19 G3A9FL 


TO©  (TX+ 2x4 YXEXIY #29" 198 =4 TS© (1X+ Z2xI© =29 (Ex+ 4X4 TX4 2X)© =19 3559 
SISESEUNK4 oe XP ANE VE O= BES BAS Ke Mem T x b= bh eT UK KE eed (€X+ oX+# TX4 2KX)© =19 3449 


TS© (9X2XTX4 EXTX# EXZK4 HXEKIY 429% 198 =4 1S= (EXTX# EXCKI= =29 (TX* 2K4 EX* OXD= =I 440 
Use (1X+ 2x+ oxXExds #29" 198 (HX2xXTX)© =4 Tos _(IX4+ 2x" 229 (€X+ 4x4 1X4# 2¥)© =19 V4459 


TO (EXZKTX4 HXAXIX4 SXEKIE 429% TO =4 19™ (HX EXTX4# HXEXZKIY =29 (1X+ 2X* €X+ 6K)© =19 6449 
Lo: LLM 2k4 SXEN= 4292 F908 EX ZK Ee SN EMTN ead Se NES Lees =29 (€X4 oX4* 1X4 Z2x)= =19 6446 


To (2KTK4 EXTX# HXTX+ EXZX+ OXZK4 HKEXI= 429" TO =J TS (EXIX# 4XTX4# EXEX4 HXZKIE =29 (IX* 2x4 EX* SX)I© =159 Lido ~ 
TH (2x1xX+ EXIX+ OXIX+ EXCX+ OXSX+ YXEXI 429" TS  (HKXEXZXTXI® =F TO (EXTX4# HYTK4 EXZ7X4 XZ) =29 (UX+ 2X+ €X+# OXI =19 $4455 


TH =(TX4 HKEXD® #729© 198 =4 yee (txk= =29 (2X+ €X+ 9X4 EX)© =T9 44399 

9" (UX 2X+ OXEXIY 479% 19=  toxXEXexpe =4 Ts) (Tx# 2¥)© =29 (FX4 &X4 1X4 2X)= =TE 3499 
TO© (%X2XTX4+ EXTX4 OXEX)Y 429% [% =4 1% (ExX1TX)Y =29 (IxX# 2x# €X%4 oY)e =TO H4a¢ 

19s (1X* 2X4 YXEXIe #29" 19= Hx 2eXTX+ wKEXZK)© =4 1o=) Uke enie =25 (EX# 4X4 Txt 2K) =I WITS 
T9©  CEXCXTN4 YKEXEX+ OXEXIE #29" TI= =4 Se (4XEXIXI® =e €446 

——s ; 19 (1X 2X4 YXEXI= #29" 194 (EXZKIX+ OXZKIX4 HKEYZK IY =4 Te (Ix* 2x) =2 
al To. | » © JhS= UCXTXS TEREX VKKS SP REKD= 2c9= 19= 9 Htr T9S ~“(OXTNe eX Ixhe =2 
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TO) (EXZX4 OXD© 429" 19" =4 TS\ (EX2XIX4# YXEXZKIE =29 (2xTX# €XTX4 EXxzxe ox)* =15 “WeTs 


Sa Soe Se aes. (1X4 ZX+ €X+ HXIY 419% (HXIX)*® =4 (2XTX4# EX1X4 YXEXZX4 HXTXI® =19 ZTE 
(IX# 2X4 EX4 OXTS 415" CEXZK4 OKIE #298 TOE =4 TIE (HKXEXZK)S =29 (2XTX+ EXTX* EXCX# HK)E =19 ects ~y 
(1X4 2X4 €X4 HXPY 4198  (EXZXTX4 YXIKIY =4 (2X1X4 EXIX4 YXEXZX+ SXTXI® =19 B2TE 
(1X4 2X4# EX4 YXP © 419 =4 (2XIX+ SXEXIX+ YXEXCKIS =15 JTIG 
‘ ‘ (1X4 2X4 EX4 XI 419" (HXEXAXTXIS =4 —(2X1X+ YXEXTX4 OXEXTXIS =TD FITTE 
(1X4 2X4 EX* OXI© 419% (EX# OKIE 429% 19" =J T9©. (EXZX1X# YKEXTX+ YXEXZX)™ =29 (Z2X1TX4 €X+ HX) =T1S ITE 
: ie (1X+ 2X+ E€X+ XIY 470% (HKXeXTXI™ =4 (Z2X1X+ YXEXIX+ SXEXZXIS =19 VWITE 
(1X4 2X4 EX4 OKIE 419% = (EX4 HKD #79" 198 =F T9©) (7XEXTX+ SXEXZX)I* =29 (ZX1X+ €X4+ 4X)© =19 GITE 
(1X4# 2X+ EX4+ oXI© 419% (EXZKIX+ 4XZXTX)* =4 (Z2X1X+ HXEXTX4 HXEXZXI* =19 SITE 
(1X4+ Z2xX# €X+ OXIDE 479" =4 (EXZXIX+ YXCKIK+ DKEXIX4 SXEXCXIY =19 LITA | 
os eS. (1X4 2X4 €X4 HXDY 41S  (HKXEXexTXI® =4 (EXZXTX# HXZXTX+ YKEXTX+ HXEXZXI* =19 OITE 
(2X4 €X4+ 4X)© 410% =4 (2X1X4# EX1IX+ %XTX)I© =19 4I0E 
a (2X+ EX+ HXPe 479" (HXEXZKIe =F (2X1X4+ EXTX+ HXIX+ OXEXZXI= =TE 3408 
(2X+ €X+ 4X)= 419" (2x4 YKEXI™ #29" 19% =4 19 (2xIX)= =29 (EXTX4 SXIX* 2X+ HXEXI® =19 JIOE 
(ZX+ €X4 4X)= 4198 (oKXEK)* =4 (ZX1X# EXIX+ HXIX4# SXEXI© =19 I330F 
(2X+ E€X4+ YX)e + 
T9*  CEXZN# HXZK4 GKEXI® 429% 19 =4 19* E€XZXTXI* =29 (ZX 1X4 EXTX+ YXIX+ EXZX+ HXZKX+ HXEXI™ =19 8506 
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(2X4 €X+ HX) + 
T9©  (EXZx# exe 429" 19" =4 T9® (XZXK1X+ YXEXIX)® =29 (ZXIX*# EXTX4 EX2X+ HX)I* =19 GEOL 


(2x4 EX4 XIE 419" (EXZX)* =4 (Z2X1X4 EXIX+ EXCXI= =19 JEOR 
(2X4 €X4 HM )© 419 (2X4 HXIe #29" 19" =4 19 (2xIx)* =29 (EX1X4+ ZX+ oX)* =TE VOCE 
3 2X4 EX+ OXDE 4198 (HXEXIS =4 (2xIx+ €XIX+ YXEKIe =19 JVOR 
(2X4 €X4 X= 419" (EXZX+ YXIY #29" 19" =4 19*  (ox2xIX)* =29 (ZX1X+ EXIX+ EXZX4+ HX) =IE GVOE 
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(2X4 €X4+ Xe 419™ (ENZK4 OKXI™ #29" 19% =4 T9= (HX EXZXIXI* =25 (ZX1X+ EXTX+ EXZX+ HXIY =19 6VCB 
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(2X+ €X4# 5X)= 419= (>XEXZXI© =5 (eX TX+ FXEXTX4 SXEXCKI® =TE 3608 
(ZX# EX# oX)= 419" (EX+ XIE 429" 19" =4 T9* (€X2X1X+ HXEXTX IY =29 (2X1xX+ €X4 oxX)Ie =19 ECE 
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(2X4 EX XP" 419" (¥XEXZXKIe =4 (EXZX1TX+ HXZXIX+ YKEXIX+# SXEXZKIY =19 ANE 
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(2X4 €X4 YX ye 419" (EX HHI 429" 19" =4 T9© (EXz2xXIX)© =29 (ZX1X+ €X+ 4X)© =1T9 ROE 
(2X+ €X+ 4X )= +79" (exe =4 (extx+ YXI= =19 VECF 
a (2X+ €X+ HX) 419% (EX+ HXIY 479" 19" =4 TQ* (HXEX!KIKIY =25  (2X1X+ EX4+ ¥X)IY =IS €80F 
(2X4 €X4 SXP= 419" (EX HXIY =4  (2XTX4# EXt HXI* =19 ACF 
“a aa _ i Seb, exe EX4 HXYY 4TOH =4 (EXZ2X1X+ HXZXTXI® =19 LROP 
(2X+ €X# OX)= 419% (bxXEX)= =4 (EXZ2XTX+ SXZYTX+ HKEXI® =19 OCFOF 
(2X+ €X+ bXIY 419"  =4 (EX2XTX)© =19 E€8CF 
(2X+ €X+ 4X)© 4195" (X)© =4 (EX2XTX4# bX)= =19 CROK 
a iz. a = z Aa ee BAL. f aa (2X4 €X+ oX)© 499 =4 (HXEX2XTY)© =19 THCES 
Ubxae OX EX 4 xX +ro= =J (CXTX+ EXTX+ oKXIX)© =TS 41 OF 
2 fo x ox 2 Re — _LAX4 2X4 EX4 HXPE FTE% (HXEXZK Ie =4 (ZX1TX4 EXTX4+ HXIX4 HXEXZXI* =1 FLCE 
(1X4# Z2X# EX OKIE +19= (2X4 SXEXD® #29" TIX =4 19 (2X1x)® =25 (EXTX+ 4XTX4+ 2X4 HXEX)I© =19 490F 
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a b CoE f= 1 EXC XXX EMC Kae IC XX tet Max tI te XK + XC Xe ME XN eT eget be 
(Z2X+ €X+ HX)© 4TO©  (HXZXTX+ HXEXTX)® =4 (2X1X4 EXTX+# SXTX4# HXEX?X)* =19 V3ITEL 
(2X+ €X+ 9X) + 
T9=  (EXZK+ HXZTX* HKEXI™ 429" 19% =4 TO (4XEXeX)*© =29 (2X1X+ EXTX+ SXIX# EXZX+ HXZK4 YXEXI® =19 GATE 
i (2X+ €X4# HX)e 419© (EXZKTX+ OXZXTX4 HXEXTXIY =J (2X TX4+ EXIX# HXIX+ HXEXZXIY =TSE ETF 
(2X+ €X# x)= 410" =4 (ZX1TX4+ EXTX+ YXEXZX)© =1% 4ATE 
7 . 2 ae SUCX4 EKG OE ATO CKO KENTXIE =5 EX IX4 EXUX4 VXEX2KIS =19 SATE 
(2X+ €X+ HK)IY + 
19 (€xX2x+ 4xX)© #729" 19% =4 19* (4XZ2X1X+ 4XEXTX+ YXEXZX)* =79 (Z2X1X+ FXIX4# EXZ2X+ XI =19 OGATR 
(2X+ €X4 HK) 415 (EXZKIX)® =4 (Z2X1X+ EXIX+ SXEXCX)© =19 DETR 
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oa (2X# EX X= 419" (EXZX+ OXY 429" 19% =4 19* (#xXEX2x)© =29 (ZX1X# EX1X+ EXZX4+ 4X) =19 6VIE 
(2X+ EX+ HYP 4198 (EXZKTX4# OXTXI® =3 = (2XTK4 EXIX+ YXEXKCX* SXTXI© =19 OVTP 
(ZX+ €X+ 4X) 419" =4 (ZXIX4+ SXEXTX+ SXEXZXI© =1E J6Te 
; (2X# EX+ OXI= 419% (HXEXZXIKIE =4 (ZXTX4+ HXEXTIX+ 4XEXCKI®= =19 JETS 
(2X+ EX4 HX) 419" (EX+ OXY 479" 19" =4 TO (EXZXINF HKEXTX4 YXEXZXI* =25 (ZX1X+ €X+ 4X)I©= =19 G6TE 
(2X# EX+ OX)™ 4198 (YKXZKTXI© =4 = (ZXTX# YXEXTX+ SXEXCKXIY =19 VETO 
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OX O KOE Eee EX ee COP e ete a LSE XGKIIE = Co) oe CXR EX) eo eine 
(2X+ €X4 SKXP* 419" (EXTX4# HXTX)® =4 (ZXIX* YXEXCKX+ EXIX+ YXIXI® =19 G8TS 
: (2X+ €X4 %XIY +19" =J4 (EXZXIX+ HXZXTX+ YXEXZKI® =19 LATE 
(ZX# €X# OX)" 419" (HXEXTX)® =4 (EXZX1TX+ YXZKTX+ YKEXCK+ SKEXTIXI® =19 ORTE 
(2X+ €X+ Xe 419" =4 (EXZXIX+ HXEXZXI* =1S EBTR 
(2xX* €X4 OKIY 419% (HXTXI® =4 (EXZKIX+ SXEKCX4 SOXTXIY =19 CETTE 
: a OE OE KE aN CPN Sa) OBER 
(1X+ 2X%+ EX4+ OX)© 419" =4 (ZXUX+ EXTX+ HXTX# SKEXCX)© =19 J4LTR 
=e (1X4 2X4 EX4 OKI 419% (HX EXZ2XTXI® =4 (ZX1X+ EXIX4 HXTX+# HXEXZXIY =19 JLTe 
(IX+ 2X4 EX# XD 419% (2X4 HKEXIY 429% 19e =4 TS© ) (2XTX# SXEXZXI® =29  CEXTX# SXTX*# 2X+ OXEXI® =19 JOTE 
— ae (1X+# 2X4 €X4 OXP© +19" (4 XEXTX)I® =4 (ZXTX+ EXTX+ OXIX4 HXEXZXIY =19 JOTE 
(1X+ 2X+# €X4+ OX)Ie + as, 
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(1X4 2X4 EX# OKIE 419% (HXZXTX4 SXEXTXI® =4 (2XTX4# EXIX4+ YXIX4* YXEXCKXIY =19 VOTH 
rn oe we’, (1X+ 2X+# EX+# HX)Y + 
19* (EXZX+ OXZX+ HXEXI +79" 19" =4 19*  (4XexXex)© =29 (2XTX+# EXTX+ FKIX+ EXCX4+ HXCX+ HXEXIE =19 69TF 
: __U1X4 2X4 EX4 OKIE 419"  (EXSKTX4 HXZXTX# OXEXTXIS =3 1 2XTX4 EXTX4# HXTX+ YXEXZKXI® =TE BOTE 
: (1X4 2xX+ €X4 SKIS 419% =5 9 (2XTX+ EXIX+ GXEXZKIS =19 FETE 
(1X4 2X4 EX+ OX) 419" (OXEXZKTXI© =4 (2X1X4 EXIX+ SXEXZXIY =19 JETSB 
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_U2XTX+ EXTX4+ EXeX+ XIE =19 ETE 
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(IX+ 2X# EX+# HX)= 419% (EX2XTX)® =4 (2K1X*# EXTX+ SXEXZX)® =19 DETTE 
: (1X+ 2X4 €X# YX)™ 4198 (2X4 OXIY #29© 19% =4 Ts} (cx tx+ oxexex)= =29 (EX1TX+ ZX HK =T9O 47TE 
{1X+ 2X+ €X+ bX) 419 (HXEXTXIY =4 ~(2XTX+ EXTX+ SXEXZKI® =1E J2Tk 
LUXt Xe EX 4 ORR oe 
(EXZX# XIE 429% T9O8 =F T9© CHX2XTX# FXEKCKI =e5 (2XIX+ EXIX+ EXCX+ HX 
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1D] (EXZSXTX+ HXZX+ HKEXID* 429" 19" =4 19= (YX?2XTX)*© =29 (CX1X+ EXTX+ YXIX* EXZX+ HXZK+ YKXEXI*® =19 Sze 
A (1X+#_ 2X+ EX4 XY +19" (EXZXIX+ HXEX)® =5 (ZXTX+ EXIX+ HXIX+ EXZX+ HXEXI® =19 2976 
CUNR CX4 EXE SX) 4 
19* (E€X2X1K+ HX2X+ YXEXIY 429" 19 =4 19" (EXZXTX)® =ZE (2X1X+ EXTX+ HXIX# EXZX+ HXZX+ YXEXI* =19 H9ZE 
(1X4# 2X+ EX4+ HX)& 419" (OX7X# SXEXI® =4 C2XUX# EXTX+ BKIX+ EXCX? OX CX4 YXEXPe =IS VOCE 
(1 X+ 7X+ €X4 4X)% + 
(EXZXIM4 OXZK4+ YKEXIY 4729" 19" =4 19* {(¥KXEXZXTX)* =29 (ZX1TX+ EXTX+ YXIX+ EXZX+ HXZX4# HSKEKI* =1O 692F 
(1X# ZX+ EX4+ HXIY 419" (EXZKIX4 HXZK4 HXEXIY =4 (ZX1X4+ EXTX+ HXTX+ EXZX+ HX2X+ HXEXI* =19 FSZE 
CIX+ 2X+ EX4 OXY 419% (UX+ x)= 429" 19" =4 T9© (2X1X+ XTX) =29 (EXZ2X+ TX4# ¥X)© =19 45628 
(1X+ 2X+ €X+ HX)© 419"  (HXEXZXIY =4 (ZXTX+ HXIX+ EXZX)= =19 3578 
(UX* 2X# EX HX)= 419 (EXTX* HX) 429" 19" = TOD© (oxXIX)® =25 (2X1X+ €XZX+ EXIX+# ¥XI© =19 ASZE 
(1X4 2X4 E€X+ HX)™ 419% (EXZXTX+ SXEXZX)* =4 (Z2X1X# 4XIX+ EXZK)I* =1E 7528 
(1X+ 2X4 €X+ YX) + 
TS= (EXTIX* HXZX4 HXEXIY 479" TO =5  19= UEXZXTX# HXEXTXIE =25 (Z2X1X+ 4XIX4+ EXZK+ EXIX+ HXZX4 HXEXI® =19 GSZE 
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S| (EXIX* OXZX* HXEXP® 275" TH" =4 T9= (YXExTx= =29 (ZX1X+ YXIX*+ EXZXt EXIX+ HXZX+ HXEXD* =19 6526 
IX# 2X# €X4# K)* +19" (EXZXTX+ YX2X)* =4 (ZX1X+ YXITX# EXZX+ HXZX)* =19 8522 
: C14 2X4 EX OXY 419 (IX* HX) e 429" TO =4 TO 4EXZXTX# XTX) =29 (EXZX+ TX+ ¥X)= =TE LSze 
2 (1X4 Z2X+ EX4 HX de 419% (HXEXZXI* =4 (YXTX4 EXZKI =19 9626 
(IX@ 2X# EX*# OX)© 479 (1X4 9X)* +29" 19" =4 19=) (9xIx)© =29 (€XZX+ IX# oX)© =19 GSze 
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(EX4+ HX) 419" (1X4 HXZ2KP" 479" 198 =4 TO] (9X 2X1IX+ EXTX)* =29 (€XZ2X4 4XEX* IX# HXZKI© =19 JEaVveE 
(EX# OX) 419" UH XEXZXIE =4 (4 XZKTX+ EXTX# EXZX+ SKEXIY =19 JOVE 
(€X+ oX)e + 
TS] (ZKIK* SXIX4 HXZKI® #29" 19 =4 TD= (4X ZXTX4 SXEXTXI® =29 (EXT X4+ EX2X+ HXEX+ CXIX# YKIN4 HXZXIe =19 GEVE 
(EX+ OXPY 419" CEXZKTX4# HKXEXZKI© =4 (5XZXTX4 EXTX+ EXCX4 HXEXIY =19 DAVE 
(EX OXI 419= (1X4 OXZKDY 429" T9e =4 19*  (E€XIXIe =29 (€X2X4+ HXEX+ 1X4 HXZK) =19 GAVE _ 
(EX4+ X= 479% (HXeK)e =4 (EXTX# EXZX+ HKXEX+ HXZK)IY =19 VEVE 
(EXSRe MS ae To 
T9= (2KIM+ YXTX4 OXEKD= 429% THe =4 19=  (4XEXTXI* =75 (EXTX4# EXZX4 FXEX# ZXTX+# HXTIX+ HXZX)= =19 EVE 
€X4 oX)= 419" (2X1X+ ¥XZX)* =4 (EXTX+ EXZX+ YXEX4 ZXIX+ HXZXIY =19 AAVE 
(ZKTX* EX4 OXI 419= (1X4 OXZKI= #29" 19% =A TO) (4XZX1X4+ EXTX)I© =29 (€X2X+ YXEX+ IX4 9XCK)= =19 LOVE 
~ A2KTX+ €X4 OKIE 419" (yxEXZK)» =4 (oX2X1¥+ EXTX+ EX2X+ YXEXI® =19 SEVE 
(COXOTOX Xs Xo) ee 
19 (2X 1X4 HXIX# HXZXDE 429% TE8 =4 19" (HX2XTX4 SXEXTXIY =29 (EXTX# EXZX+ HXEX# SXTX+ HXIX4# HXZX)e =19 GAVE 
(ZKTX+ EX SKIS 4198 (EXZKIX+ SKXEX2K)© =4 (>XZX1X+ EXTX+ EXZX4 HXEX)® =19 HUE 
(2X1X# €X* OXI= 419% (1X4 HXZX)Y 429% 19 =4 1m (€xX1xX)= =29 (€X2X+ HXEX+ IX+ HX2X)* =19 EAVE 
(2X1X# EX HX) 479" (H¥Y2K)= =4 (EXTX4+ EXCX+ HKEX4 HXCXIY =19 Z2OVE 
a CEXGTING EG Xet ae xXn oce 
SS AE AROS CAO OOS SS Sep GS YEMEN Seve (EX1LX# EXZX4+ HYEX+ ZXTX+ FSXIX4 HXZXK)IY =19 THVE 


2) 


> 


iOUBTANI SNSONTS 


* 


a (2X1X+ €X4 HX) + 


> ae ieee TS= UcxTK+ EXIXS SXeX+ SXEXIE +29" 198 =3  TS= (exe K= =79 (OXTX+ €XZ2X4 ZXIX+ EXTX+ HXEX* HXEXIS =19 TAGE 
ae (2X1X# EX+ XIE 4T8© (2XTX)© =4 (XT X4# EXZX4 HXEK4 CXIXI® =19 CARE 
(€X+ oX)DY 415% =4 (YXZXTX4 EXTX+ EXZX+ HXEXIY =19 JERE 
(EX 9X) 419= (HXEXSXTX)D® =4 (4>X2XTX* EXTX* EXCK+ HXEXIS =15 JAE 
se (EX OXIDE 419©  (ZXTX4 HxXIe $29" 198 =4 TO" (HXZXTX4+ HXEXIE =ZO (€XTX+ EXZX+ ZKIX+ ¥X)* =19 CANE 
(€X+ X= 419" (EXZXTXI® =J (oX2XIX+ EXTX4+ EXZX+ HXEX)= =15 3ER6 
Lx 4. i Sw ANE XS IE OE S35 (EXTX+ EXZX+ HXEKXIY =19 PHBE 
(EX# HXP© 419" (4¥ZXTX)® =4 (EX1IX4+ EXZX4 YKEXF HXCXTX IY =15 VARE 
(EX4# X)= 419" (Z2X1X4+ HX)© 429" TO* =4 TM (9x€x)© =29 (EX1TX4# EXZX* ZXTX4# HX)I* =19 E096 
(EX+ oxd= 479" (2xTX)I© =4 (EXTX+ EXZ2X+ YKEXF CKIKIS =19 RHHE 
(ZKTXAR EX STOKES STS = (>XZXTX+# EXTX4+ EXZX+ SXEX)© =19 LEE 
(2XTX4 E€X*# HX)I© 419" (HXEXZXTX)I© =4 (9X2X1IX# EXTX4 EX2X+ SXEXI© =19 SHHE ~ 
(ZXTX+ EX+ OXIDS 419 (ZXIX+ OXI© 479% 19" =4 T9© (¥XZXIX# SKEXI® =29 (EX1TX4# EXZX+# ZXIX+ 4X) =19 SEE 
(Z2X1K4 EX4 HXD® 4158 (EXZXTXI= =45 17XCXTX+ EXIX+ EXCX+ HXEXI= =19 FAHE ~ 
(Z2X1X# €X+ bX) 4719" =4 (€X1TX+# EXZX+ HXEX)I* =19 E€LE 
(2XTX# EX+ OXY 4198 (HXZ2XTXIE =4 TEXIX# EXCKX+ XEXt FX 
(2X14 EX4 YX)= 4198 (2KTX+ YXIY 429" 19" =4 19 (¥XExX)I* =29 (EXTX4+ EXZX+ ZXTX* ¥XI© =19 TAGE 
5 (2XTX# EX# XIE 419—  (2XTXI© =4 (EXTX4# EXCX+ HXEX4 CXTIXI* =1D OFfE 
: (EX4 OXY 419" (TX# OXZKI #29" 19" =4 19] (EXIX+ HxIX)I= =29 (€X2X+ HXEX+ IX4# 4XZX)© =19 4dVE 
(EX+ X= 419% (HXEXZXKIe =A (€X1X# YXIX+ EXZX4# SXEXD© =TE J4VE- 


(€X+ oK)* + 
19) (2KTX4 HXIX4# OXZXI™ 429" T9* =H T9©) (HxXTXd© =29 (EXTX+ EXCX+ YKEXF CXTX* YXIX* YXCK)™ =15 Give 
(EX+ XIE 419%  (EXSXTX+ YXEXZX DY =4 (EXTX+ OXIX+ EXEX4 HXEXIY =I d4VE 
se : (EXt SRI t2-. 0 
19= (Z2KIK* EXTX+ YXZXI® 4275" 19% =4 T9* (EXTxd= =29 (>XIX4# EXZX# HXEX* ZKTX+ EXIX4+ OXZX)* =19 FAVE 
(EX4 HX)" 419" 3 (oxXZKIe =4 ~{EXTX# YXIKX4+ EXCX4 OKEX+ HKCKI® =19 VIVE 2 
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TS*  C2KTN# HXEXTX4 HXZKDE 479" TIY =4 T9e  (HXEXTXDS =2O (EXT YS YXTX# EXZX4 OXEX4 CKIX+ OXCXTS =TD 6IVE 5 
(EX+ XIE +T9= (2XTX+ OxX?xI= =4 (EXTX4 YXTX+ EXZX4 HKEX4 ZXIKX+ HXZXI =1S BjAVE : 

(2XTXS EX SX 419= CIXS SXCKI= 4298 TS Hs TSS) VEKINA OXIXI =Z9) MEXcX+ SNEXAIX* 4XeRI= = LIVE : 
(2X1X# EX4 HXIE +198 (9X EXZX)S = (EXTX* YXIX+ EXZX+ HXEXIY =1D GAVE z 


“U2XTX# EX4 OXIDE + 
TO  (2X1X4 HXIX4+ XZ +729" 19" =5 19*  (¥xIx)* =Z© (EXIX+ EXZX4+ YXEX+ ZKUX4+ SXTX4 HXZKI© =19 SIVE 3 
(ZX1X+ EX4# %X)© 419©  (EXZXTX+ YXEXZX)™ =5 TEXTX# YXIK+ EXCKXF DKEKI® s 
= (ZX1X# EX4 OX)© + é 

19] (ZKUK4 EXIX* OXZX)Y 479" 19% =4 T9© (EXTXI® =29 = (HXTX# EX2X+ SKEX* CKIX+ EXTX+ HXZXI* =19 EC4IVE 

(2X1X+ EX4 HXIY 419% (HXZKIE =4 (EXTX# OXTX+ EXZX4 SKXEK+ OXZXIE =TS. ZIVE 
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19 (2X 1X4 YXEXTX+ SXZKXIPY 479% 19" =4 19"  (4XE€XTX)= =25 (EXTX# HXTX# EXZX4+ HXEX+ ZXIX+ HXZXI* =19 T4VE 

(ZXTX+ EX# OXI 4198 (2XKTX4# YXZX)© =4 (EX1X+ YXIX# EXCX+ BKEX+ CKIX* HXCKIS =19 OAVE 
(€X+ bxX)Y + 


T9© (2KIX# HXEXTX4 OXCX)™ 429" 19% =4 TO" (EX2XIX4# GXEXTXIE =29 (EXT X4 XTX EXZX+ OXEX+ 2XTX# YKCXI® =19 SAVE 
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ht 


TD"  (2X1X+ HXEXTX*# SXZXI* +29" 19" =4 LS SUexkexD xs See (EX 1X4 YXIXt EXCX+ HXEXt SXIX4 YXCXI* =19D CAVE 
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a a 
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oe Sle 
(EX4+ YXI™ 419= (2X 1X4 YKEXTIX4 OXZXI® =4 (EXTX4 HXTX# EXCK+ YXEXt CXTY4# HY7KX)© =19 RIVE 
ee eee SS fie 2X TX ENS ee + = 


; 19+ (2x1xX+ 9X1 OMEXIX4 4X2XD® 429" 19* =4 T9©  (EX2XTX4# HXZXTKXIE =29 (EX TX# HXTX+ EXZX+ HXEXY ZKXTX4# HXZXIY =19 LIVE 
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(2X1X+ €X+ XIE + 
1d (2xX1X* OXEXTX+ YXZXI© 229= 19* =4 19] Sexe x= 25) 


x (EX ONT ENN S. XENIA CRIN C XC KIS = TO! CAVE 


(2X1X4+ EX4# X= 419" (CEXZKIX4 HXEXIX+ SXEXCKIY =4 (EXT AS WRT XS EX EX® oxEx) <"=T9 “HVE 
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we (EX4 OX)© 419% (2XTX4 OXEXTX4 YKEXZKIS =4 UEXTX+ OXTX4 EXZX4+ KXZX+ SXEK4 ZXTXIE =1O Bzae r 
ON ee Sa ey } = Cae ee eee ean. re (2X1X4+ €X+ oK)E + 
SE CK TKS SXEXINXNG SXEXZXIS 429" 19% =4 19*  (EXZXTX# YXCXTXI™ =29 (EXIX4# HXIX+ EX2X4 ee oXEX* ZXTX)I® =19 L436 9) 
(2X 1X4 €X4 OXI 419"  (HXEXTX4# HXEXZXIe =4 (EXTX+ YXIX4 EXZX+ HYZX4 YXEXI* =19 935E 
Ny ROS Tee > IC EO BEE OS hee ee 
‘ 1D= (2X 1X4 HXEXTX* HXEXZXIY 425" 19" =4 TO  CEXZXTXIY =79 (EXT X4# YXIX+ EXZX+ HXZX+ HXEX+ ZXIXI* =19 €556 
(ZX1X+ EX+ OXI] #19 (HX ZKTX4 YXEXTX+ YKXEXCX)® =4 (EXTX+ SXIX4 EXZX+ HXZX4+ HXEXI® =19 2356 
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T9©)  (ZXTX+# YXEXTX+ SXEXZXI= #298 TOX =4 TO (HXEXZXTXIY =29  CEXTX+ HXIX4 EXZX# OXZXt YXEX4 ZXTXIY =19 137E 


(ZXIX+ E€X+ HNKI= 419%  (ZXTX+ YXEXTX4 SXEXZXI® =4 (€EX1X4 OXTIX4+ EXZX+ SXZ2X4 HXEX4 ZXTIKX)IY =19 O55 
(€X+ OX)" 419" =4 (EXTX+ YXTX* EXCX+ SXEXI® =19 JSHE | 
= reais (€X+ XI 419" (HXEXZXTXI® =3 (EX TX+ HXIX+ EXZX4* SXEXIY =19 JIAME 
(EX# OXD© 4198 (2XTX4 HK)Y 429" 19% =4 19 (YXTX+ HKXEX)e =29 (€XTX+ EXZX+ ZXIX4+ SKI =19 GIEF 
: (€X4 Xd] 419% (EXZ2XTX)* =4 (EXTX+ 4XTX4 EXZ2X4+ HKEX)I® =19 JsAAE 
(EX# 9X)© 419% (2X4 EXIY #29" 19" =4 19] (EXTX# EXZX+ HXEX)© =29 (HXIX# 2X4 EX)* =19 A4HE 
(EX# OXDe 418"  (yxz2xIX)© =4 (EX1X+ SXTX+ EXZX+ YXEXI =19 V4IGE 


(€X+ bX )Y + 
19* (2XTX4# OX2K+ HXEXIS 420% 19% =A 19 (9xXEX) © =29 (EXTX# YXTX# EXCX+ CXIX+ HXCX* HXEXI* =19 6506 


(EX+ XI 4798 (2xXTX)© =4 (EXTX4 OXIX4 EXZX4 SXEX4 ZXTX)* =19 B4E6 

‘ pe (ZX1X+ €X4 oXPY 419" =4 (EX1X+ HXIX+ EXZ2X+ SXEXI* =19 L406 
(2X1X+ €X+ OXI= 419" (YXEXZYTX)© =4_ (EXTX+ OXIX+ EXZX+ FXEXI© =19 94RE 

(ZX1X4 EX4 OXD™ 419"  (ZXTX+ HKD 429" 19" =4 19* (4XIX4# ¥XEX)I® =29 (ExXIX+ EXZX+ Z2KIX+ HXI= =TE Gd4RE 
: (ZXTX+ EX# HK 4198 (EXZYIX)© =4 (EXIX+ OXIX+ EXCKX+ HXEXI™ =19 IPE 

(ZX1X4 EX4 HX) 419" (2K4 EXD™ #29" TO* =A T9= (E€X1X4 EXZX+ HKEXDY =729 (5X1X4+ 2X+ EX) =19 €4596 
(ZXTX4 EX4 OXPE 419" (H4XZXTX)E =3 (€XTX# HXTX4+ EXZX# YXEXIG =15D 2IGE 


(CXUX4 EX4 2X) 4 


T9= (2XTX# YX7X4 SXEXI= #29" 19= =4 T9© (oKXEXI= =79 (EXTX4 YXTX4+ EXCX+ ZXTX+ HXZX+ SXEXI* =19 TIAE : 
(2X1X+ €X4 KPH 419" (2XTX)* =4 (EXIX+ %XTX4 EXZX4+ HXEX4 ZXTXI* =19 OAHE 
2 (€xX+ HX) + 
19*  (oxX€xIxX# ZxP® +729" 19" =4 TS*  (YX2XTX+ EXZXIY =729 (EXTX+ SXIX+ HXEX+ ZX)* =19 JAKE 
(EX X= 419" (HKXEYTX)© =4 (EXTX+ SXTX4 EX2X4* YXEXI® =19 JIfE 
£ . (€X+ X)% + 
1D=) (Z2KIX* SXEXTX4 OXZKIS 479" 19" =4 19= (HXZXTX+ SXEXZX)I™ =29 (EXTX4 oXTX4 EXZX+ HXEX4 Z2XIK4+ 4XZX)IY =19 GAGE 


“ 


(EX*+ OXI 419" CEXZXTIX+ HYEXTXIY =4 (EXTX4# HXTX# EXZ2K4 SXEX)D® =19 J3GE 
(EX# XIE 419" (HXEXTX4 2X)" 429" TH" =4 TH § (Ex2xde =25 (EXTX+ OXIX4 YXEX+ CXI© =19 GIFE ; 
(EX OXI 419%  (HXZXTX+ HXEXTX)Y =4 (EXTX4+ 4XTX+ EX2X+ HXEXI® =TS WIFE 
Ps - (EX+ ¥XIL + : 
19  (2X1IX4 SXEXTX4 YXZXP= 479" T9e  =4 19©  (4xXExex)J= =29 (EXTX# HXIX4 EXZX# HXEX+ ZXIX+ HXZXIS =19 645RE b 
(EX# HXP= 419" (Z2XTX4 YXEXTX)I= =4 (EXTX+ SXTX+ EXZX# HSXEX+# 2XIX)© =19 RIAHE 
(ZX1X4+ EX+ OKIE + | 
T9©  (HXEXTX4 ZxPe= 429" 19" =4 T9©)  (4X2KTX+ EXZX)IY =29 (EXTX+ SXIX4 SXEXt CX)= =19 LIE 
(2X1X+ €X4 HXP= 419" MYX EXTXI® =4 (EXIX4+ YXIX+ EXZX+ HXEXI® =19 93906 


(2XTX4 €X4 HX) + 
T= (2XTX# YXEXTX*# SxXeXI® 429% T9*% =Jd 19+ (9X 2XTX+ VKEXCX I= =29 (CXTX4+ DXTX4 EXZK+ OXEX+ CKIX4* HXCZX)I* =19 cAIPE 


(Z2XTX# EX4 HXIE 419% (EXZXTX# HXEXTXIS =4 (EXTX# bXTX4 EXZX# SXEXI™ =19 43HE 
(ZX1X4+ EX4 OXde 419" (HXEXTX# ZK)e 4Zee Toe =4 19 HEXZKIY =29 (EXTX+ YXTX# OXEX4 ZXIe =19 €3F6 
(2XTX# EX4 HXIE 419" (HXCXTX# HXEXTIXI® =4 (EXIX4 XIX EXC SXEXIY =19 IGE 


(Z2XTX+# EX4 HK) e 


+ 


TS=) (2XUX+ HYXEXTX4 HXCX)* 429" 19" =4 T9*) (¥xXExXex)= =25 (EXTX4# HXIX# EXZX+ OXEX4 CXTX# HXZX)I® =19 TAGE 
: ee ene AMA (Sire AS es VOCS MESO (EXTX4t YXTEX+ EXCX+ YKEX* CXIXI™ =19 CARE 
0 WEX4 OX 41S =4 (oXTX+ EXeX+ YXEX)I® =19 Jane 
(EX bX)© 419% (HXEXZXTXI® = (OX TX+ EXZX+ HXEX)© =19 JAGE 
(€X+ OXY 419= (ext EXI® 429" TS =4 TO! (EX2X+ HXEXIY =29 (HXTX4 CXF EXI =1% FATE 
(€X+ HXP= 419% (HKX?XTX)* =4 (SX 1X+ EX7X4# HXEXIH =19 VWAEE 
ee rs Sk ¢ cee ee c Se 5 agg F (£X4 %X)e + 
“hie 2e3 TS  (2XUX+ EXTX# HX2X+ HKEXI™ +29" 19" =4 UES (Ye te Sei (ZTE KEES CXC COXOTIN( Ha EX STOX Patz Cox azs Pile OL 
Sy ee ies AT ew Saree + ae (€X+ X= +19= (2xTX)e =4 (OX1TxX+ EXZ2X4 YXEX+ 2XIK)= =19 ROE 
(2XTX+ EX4 4X) 410% =4 (4XTX+ EX2X+ HXEY)E =19 JERE 
= Or (2XTX4 €X4 XIE 419 CHXEXCKTXIS =4d 3 COXTX* EXZX+ HXEX)© =TS CUte 
(AMINES TO GNO)S SIGS (AN) ELON OCGS Oe ss) 19& (&x2X+# HYEX)IY =29 (HX1X# 2X4 EX)© =19 (FE 


: hs ae E ; ye (TAGES (Es AQ SUI (RODS Sel (VX1X4 FXZX4 HXEX)= =19 CObE 


5 = (EXTX4 EXZX4 HXPY 4198 (Z2X)e =F (VXEXTX4# Z2X)© =19 86RV 
(ZXIX+ EXTX4 EXZK# HXPY 419" =4 (EXZXTX+ SXZXTX+ HXEXTXI* =19 ORV 


(ZXTX+# EXTX+ EXZX+ HXI* 419" (HXEXZXI® =4 (EXZXTX4+ HXCKTX4+ YKEXTX+ HXEXZXI© =19 968V 
(ZX1X+ EXTX+ EXZK4 HXPY 4719" =A (YXZX1X+ YXEXTXI® =19 SERV 
(Z2XTX+ EXIX* EXZX# XI 4998 (EXZKIY =4 (9X2X1X+ YXEXIX+ EXCKI™ =19 S6EV 

: : 3 : (EXTX4 EXZ2X4+ HXI© 419% =4 —LEXZXIX+ HX2XTXIS =19 JBeY 
(EXTX4+ EXEK4 HKPY 419% (HXEX)© =4 (EXZXUX* HXCXTX4# HXEXI* =19 JEEV 

ees $ ~ pe CEM REXEK 7K ee Lad Pee CX Ee aC ORY 
(EXTX4# EXZ7X4 OXY 419" (EX) =4 (9X2XTX+ €X)* =19 J88V 

(EXTX4 EXZX+ OXY 41% =4 (EXZXTX)* =19 GBRV 

(EXTX# EXZX+ XI 419" (HX)e =4 (€ExcxIx+ 5X)© =19 VERY 

(EX1X# EXZX* HX)IY 419" =4 (4XEXZ2XTXI* =19 688V 

(EXTX4# EXZX+ SX)™ =4  BBBV. 

(2X1X+ EXTX+ EXZX+ OKIe +19" =4 (EXZXTX# HXZXTXI™ =19 LEEV 

(ZXTX4 EXTX*# EXZK4 HXIY #19" (HXEXI® =4 (EXZX 1X4 SXZCKIX+ SXEXI© =1S ORB 

(Z2X1X4+ EXTX+ EXZX+ YX) +19" = =4 (9XZ2xXTX)* =19 S88V 

(ZXTX* EXTX# EX2X+ YKI* 419™ CEXIe =4 (oXeXKTX+ EXIH 

(ZXUX+ EXTX+ EXZX+ OXI 419" =4 (EXZXTX)* =19 E€8RV 

; (Z2X1X+ EXIX+ EXZX4 OK)© 4T5= (HexK)© =4 (EXZ7XTX+ %X)© =19 ZBRV 
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(€X+ 9X) 419" =4 (EXTX+ HX IX4 EXZK+ HXZK# SKEXI= =19 J4dd6 

: (EX+ X)© 419" (HXEXZXTXI® =4 (EXT X* YXTX4 EXCKt YXCX* YXEXIS =1D J3dSd6 


(EX+ oX)Y + 
T9=) (ZKXTX* EXP© 429" T9= =4 T9*) (EXTX+ EXZK4 SXEXI™ =29 (9X1X+ 9XZ2K4 2XTX+ EXI* =19 G5S5E- 
(EX* XP 419=  (HXZXTX)® =4 (EXTX+ HXIX+ EXZX+ HXZX4 HYKEKIE 


(EX+ OXIDE + 
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VEX OXI 49S (ex =3 (EX1TX4 HKIX+ EXCX4# YXCX# YXEX# CKIX I ] 
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(2XTX* EX*# SXIP© +19" (HXEXZKXTIXIS =4 (EXTX*# SXIX+ EXZX* HXZX4 HXEXI® =19 9556 
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(EX1X+ EXZX4 HXPY 41  =4 (EXZXIX+ HXIXIY =19 JORV _ 
(EXTX4+ EXZX+ OXI 419© (> XEXZXIY =4 (EXZX1X+ OXTX* SXEXZKI© =19 JOBV 
= (EX1X+ EXZX+ X)© +19 =53 (4xXTX)* =19 GORY 
; (EXTX# EXZX+ YKPY 4198 (EXZK)P® =4 (5X1X+ EXZX)= =19 DALY 
‘ (EXTX# EXZX+ X= +19" (2X+ EX) 429" 19% =4 19*  (E€XZKXIX+ SXEXTXIY =29 (oxXIKX4 2X# EXI™ =19 GORY 
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APPENDIX C 
‘EXAMPLES OF DESIGNED NETWORKS 


FIGURE C MOS NETWORKS FOR THREE AND FOUR VARIABLE F 
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